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with respect to their most stable tautomer ADDA and the relevant Voronoi deformation density (VDD) charges [in me -], computed at the BLYP-D3(BJ)/TZ2P level of theory. The R=NH2 group is more electron donating than R=H. This is reflected by the VDD charges (red squares), which are more positive for AUPy than for UPy. This flow of electron density is favourable for the ADDA and DADA tautomers, because the hydrogen bond acceptor atoms N (blue squares) become more negatively charged. On the other hand, the same flow of electron density has a destabilizing effect in the DDAA conformations, because the hydrogen bond donating groups NH become less positively charged. Since these stabilizing (ADDA and DADA) and destabilizing (DDAA) effects are more pronounced when R=NH2, the energetic differences between the AUPy tautomers are larger than the energetic differences of the AUPy tautomers. As a consequence, the tautomerization energy is larger for AUPy, which explains why AUPy forms DADA homodimers while UPy forms DDAA homodimers. 
Synthetic Procedures
Compounds 3 (DAN) [1] and 4 (UPy) [2] were synthesized as described previously Compounds 1 (AUPy), 2 (NAPyO), 5 (UIM), 6 (AIC) 7 (NAPyO isopropyl analogue) and 8 (DAN isopropyl analogue), were synthesized as described below:
2-amino-6-(dibutylamino) 4-pyrimidinol 2-Amino-6-chloro-4-pyrimidinol (10.01 g, 68.70 mmol) was dissolved in ethyleneglycol (170 mL) and dibutylamine (29 mL, 171.80 mmol) was added. The solution was heated for 5 hours at 135 °C after which it was allowed to cool to room temperature. The solution was poured into saturated aqueous NH4Cl solution (500 mL) and extracted three times with ethyl acetate. The combined organic layers were evaporated in vacuo to a volume of 100 mL and extracted with a saturated aqueous NaHCO3 solution (300 mL) and a saturated aqueous NaCl solution (300 mL). The organic layer was dried, filtered and evaporated in vacuo. The yellow solid was recrystallized with acetonitrile twice affording 2-amino- 
1-butyl-3-(4-(dibutylamino)-6-hydroxypyrimidin-2-yl)urea
A suspension of 2-amino-6-(dibutylamino) 4-pyrimidinol (5.00 g, 21.07 mmol), butyl isocyanate (3.56 mL, 31.60 mmol) and 4-N,N-dimethylaminopyridine (6.44 g, 52.70 mmol) in anhydrous chloroform (150 mL) was heated under nitrogen at 70 °C overnight. After cooling the solution was concentrated.
Dissolved in dichloromethane and filtered through silica to remove excess 4-N,Ndimethylaminopyridine. Ether (20 mL) was added and the white precipitate formed was further purified by recrystallization (acetone) affording 1-(4-(dibutylamino)-6-hydroxypyrimidin-2-yl)-3-dodecylurea (0.68 g, 10%) as a colourless solid. 1 
2-ethyl-N-(5methyl-1,5-naphtyridine)hexanamide
2-Ethylhexanoyl chloride (1.2 mL, 7.14 mmol) was slowly added to a solution of 7-amino-4-methyl-1,8-naphthyridin-2(1H)-one (1.00 g, 5.71 mmol) in dry pyridine (10.0 mL). The mixture was heated to 110 o C for 24 h and the solvent removed in vacuo. The residue was diluted with dichloromethane (100 mL).
The organic phase was washed with 0.1 M aqueous HCl solution (10 mL), water (10 mL), saturated NaHCO3 solution (10 mL) and dried. After evaporation of the solvent the crude product was purified by re-crystallization from acetone yielding 2-ethyl-N-(5methyl-1,5-naphtyridine)hexanamide (1.07 g, 65%)
as a colourless powder. 1 
N-tert-Butoxycarbonylguanidine
Guanidine hydrochloride (13.1 g, 138 mmol) was dissolved in deionised water (80 mL 
4-tert-Butyl-1H-imidazole-2-amine hydrochloride
Tert-butyl 5-tert-1H-imidazol-2-yl-
1-(4-tert-Butyl-1H-imidazol-2-yl)-3-phenylurea
Tert-Butyl imidazole (3.5 g, 20 mmol) was dissolved in anhydrous chloroform (100 mL) and anhydrous N,N-diisopropylethylamine (1.78 mL, 9.99 mmol) under a nitrogen atmosphere. Reaction was cooled to 0 o C and phenylisocyanate (1.09 mL, 9.99 mmol) was added dropwise and stirred for 1 hour. The resulting solution was concentrated under reduced pressure and purified via column chromatography (SiO2, 9:1 dichloromethane:ethylacetate) and recrystallized from acetronitrile:methanol to give 1-(4-tertButyl-1H-imidazol-2-yl)-3-phenylurea (300 mg, 1.16 mmol, 12% 
Benzamido-5-methylisocytosine
To a stirred mixture of methylisocytosine (3.00 g, 24.0 mmol) and 4-N,N-dimethylaminopyridine (150 mg, cat.) in anhydrous chloroform (120 mL) at room temperature under N2 was added anhydrous N,Ndiisopropylethylamine (6.30 ml, 36 mmol) and benzoyl chloride (3.00 mL, 26.4 mmol) and the reaction heated to reflux for 16 h. After cooling to room temperature the reaction mixture was washed with water (3 x 100 mL). The organic phase was dried over sodium sulfate, filtered and concentrated under reduced pressure. The product was purified by column chromatography (SiO2 
Computational Data
All calculations were performed with the Density Functional Theory (DFT) based program
Amsterdam Density Functional (ADF) 2017.208. [3] We used the BLYP Generalized Gradient Approximation (GGA) density functional, which is composed of the Becke [4] (B) exchange and Lee, Yang and Parr [5] (LYP) correlation functional. In order to describe the non-local dispersion interactions, we applied the DFT-D3(BJ) method developed by Grimme and coworkers, [6] which contains the damping function proposed by Becke and Johnson [7] and is essentially free of basis set superposition errors (BSSE) and other incompleteness effects. [8] The BLYP-D3(BJ) functional is in excellent agreement with the best available ab initio results for the hydrogen bond lengths and energies of biological hydrogen-bonded systems. [9] All integrals that are evaluated numerically, including the exchange-correlation integrals, were solved by using the Becke integration scheme with an integration accuracy of 'very good'. [10] The Kohn-Sham Molecular Orbitals (KS MOs) were constructed from a linear combination of Slater-type orbitals (STOs), which have the correct cusp behaviour and long-range decay. We used the TZ2P basis set, which is of triple- quality for all atoms and has been augmented with two sets of polarization functions, i.e. 2p and 3d on H and 3d and 4f on C, N and O. To speed up the computation, we treated the 1s core shells of C, N and O by the frozen-core approximation. [11] The molecular density was fitted by the systematically improvable Zlm fitting scheme with quality 'very good'. [12] The SCF procedure was considered to be converged if the difference between  n and  n+1 was equal or smaller than 1e-6.
Geometries were optimized in chloroform in Cartesian coordinates. The chloroform solvent was modelled by using the implicit conductor-like screening model (COSMO), in which the solute molecule is surrounded by a dielectric medium. [13] The convergence criteria were 1e-6 for the changes in bond energy in Hartree, and 1e-5 for the nuclear gradient in Hartree/Ångström. All complexes were optimized with C1 (i.e. without) symmetry constraints. All optimized structures have been verified to be true minima (zero imaginary frequencies).
The vibrational frequencies were obtained by evaluating the analytical second derivative of the total energy with respect to the nuclear displacements. [14] The frequencies were used for two different purposes, namely (1) the verification of minimum energy structures and (2) the derivation of the entropy S and Gibbs free energy G.
Voronoi deformation density (VDD) charges
The atomic charge distribution was analyzed by using the Voronoi Deformation Density (VDD) method. [15] The VDD method partitions the space into so-called Voronoi cells, which are nonoverlapping regions of space that are closer to nucleus A than to any other nucleus. The charge distribution is determined by taking a fictitious promolecule as reference point, in which the electron density is simply the superposition of the atomic densities. The change in density in the Voronoi cell when going from this promolecule to the final molecular density of the interacting system is associated with the VDD atomic charge Q. Thus, the VDD atomic charge Q A VDD of atom A is given by: 
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